A B S T R A C T Studies were performed in anesthetized opossums to investigate the influence of successive vagal stimuli on esophageal contractions. Mechanical activity was recorded manometrically 5 cm above the lower esophageal sphincter. Contractions in the esophagus were evoked by electrical stimuli of 2.5 mA, and 1-ms pulse duration applied to the cervical vagi, at various train durations and frequencies. Paired or multiple stimuli of 1-s train length were also tested at different interstimulus intervals (ISI). Paired stimuli at an ISI of <3 s and at a frequency of <10 Hz showed refractoriness, i.e., the contractions to the first stimulus inhibited the contraction to the second stimulus. A frequency of 50 Hz showed initial inhibition, i.e., the second stimulus inhibited the contraction to the first stimulus. Repetitive stimuli applied at a rate of 8/min (ISI 6.5 s) evoked contractions to each stimulus. At 15/ min, every second or third contraction was inhibited. With stimuli applied at 30/min, contractions occurred only in response to the first and/or the last stimulus; depending upon the frequency of vagal stimulation. The intervening stimuli did not evoke any contractions. A long train stimulus produced an initial, a terminal, or both contractions depending on the stimulation value. These studies show that (a) vagal efferent stimulation causes initial inhibition and refractoriness in the esophageal smooth muscle; (b) the degree of initial inhibition increases with increasing frequency of stimulation; (c) the occurrence of contractions only at the onset and the end of a long train stimulus may be due to the influence of initial inhibition and refractoriness.
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INTRODUCTION
Swallowing or vagal efferent stimulation with <1-s train are followed by a wave of contraction in the esophageal body (1) (2) (3) (4) (5) . Repetitive swallowing at short intervals, as occurs during drinking of liquids, produces an esophageal response characterized by quiescence until the last of the swallows, which is then followed by an esophageal contraction (6) (7) (8) . Meyer et al. (7) have also shown that two or more swallows taken in rapid succession may markedly influence the response to the preceding swallows.
In experimental animals, vagal efferent stimulations with long train durations show an intriguing pattern of esophageal response. Dodds et al. (4) reported that stimulation with long trains (e.g., 8 s) evoked esophageal contractions that occurred either after the beginning (A-contraction) or the end (B-contraction) of the stimulus train. At low frequencies of stimulation it occurred only at the beginning of the stimulus whereas at high frequencies of vagal stimulation, the contraction was seen only at the end of the stimulus train. Interestingly, the esophagus remained relatively quiescent during the intervening period despite ongoing vagal stimulation. This interesting phenomenon remains unexplained.
The purpose of this study was to investigate the influence of two Co., Inc., S. Natick, MA) that pumped room air at 20 strokes/ min. The body temperature was maintained at 370C with a heating pad placed beneath the animal. Intraluminal esophageal pressures were monitored at 5 cm above the lower esophageal sphincter (LES)' with a water-filled and continuously perfused catheter assembly as described previously (9) and recorded on a Beckman Dynograph recorder (R411, Beckman Instruments, Inc., Fullerton, CA) using Statham pressure transducers (model P23db, Statham Instruments, Inc., Oxnard, CA). The catheter assembly was introduced transorally into the stomach and then withdrawn gradually at 2-mm intervals to scan the high pressure zone of the LES. The assembly was then positioned so that the most distal hole was in the middle of the LES. The assembly was then anchored by inserting a pin through the esophageal wall and the central core tubing of the catheter assembly as described previously (9) . The vagi were identified in the neck and sectioned. The cut peripheral end of one of the vagi was stimulated with square wave pulses of 2.5-mA current intensity and 1-ms pulse duration. In six animals vagal efferents were stimulated with continuous trains stimuli of 1-60- (Table I) . Values are mean±SE. Vagal efferents were stimulated with 2.5 mA, 1-ms pulse, and 10 Hz; contractions were observed at 5 cm above the LES. Significantly different from the onset of A-response (P < 0.01).
I Significantly different from the B-response latency of 8-s train duration (P < 0.01).
Note that with the stimulus parameters used, the responses observed with 1-4 s were A-contraction, as their latencies, when calculated from the onset of the stimulus were similar to responses observed with longer train stimulations.
significantly influenced by train duration (P > 0.05). However, the amplitude of the second contraction (B) progressively increased with an increase in train du- (Fig. 2) . Table  III shows that the occurrence and the amplitude of these two contractions at 10 Hz was not significantly different (P > 0.05). A decrease in the frequency of stimulation to 5 Hz evoked only one A-contraction and failed to evoke a B-contraction at the end of the stimulus. An increase in frequency to 50 Hz inhibited the first A-contraction significantly or completely abolished it (P < 0.01).
Influence of two successive stimuli on esophageal contractions. As shown in Fig. 3A (top row) paired 1-s train stimuli of 2.5 mA, 1 ms, 10 Hz at an ISI of 4 s evoked a contraction (R1, R2) to each stimulus in the pair (SI, S2). As shown in Table IV Esophageal responses to repetitive stimulation of vagal efferents. Fig. 4 shows contractions evoked by repetitive 1-s train stimuli of 2.5 mA, 1-ms pulse duration and a frequency of 10 Hz. The successive stimuli were applied for 1 min at different train rates. When the train rate was 8/min, each train stimulus evoked a contraction. As shown in Table VI , the amplitude of these contractions was not significantly different (P > 0.05). However, when the stimulus rate was increased to 12/min, the successive responses were significantly reduced in amplitude (P < 0.01). At a train rate of 15/min (ISI = 3 s) alternate responses were sig- Values are mean±SE. Each individual stimulus was of 1-s train, 2.5 mA, 1-ms pulse duration, and 10 Hz.
e Significantly different from RI (P < 0.01). I Significantly different from R2 at next lower IS1 (P < 0.01). § Values in column RI are significantly different from those in column R2 (P < 0.01; determined by chi2 test). At short ISI, when only one response was observed it was based upon the similarity of its temporal relationship to the first or second stimulus (Fig. 3A) .
nificantly inhibited (P < 0.01) or abolished ( Fig. 4 and Table VI ). An increase in stimulus rate to 30/min (ISI = 1 s) evoked contraction only to the first and last stimulus. The intervening stimuli either failed to evoke a response or occasionally produced significantly small amplitude responses (Table VI) . A stimulus rate of 60/ min, which is a continuous 1-min train stimulus, evoked A and B responses similar to responses to first and the last stimuli applied at a rate of 30/min. As shown in Fig. 5 and Table VII . DISCUSSION These studies show that an esophageal contraction in response to vagal stimulation is bordered by two inhibitory phenomena: initial inhibition and refractoriness. Experimental circumstances that reveal these -two inhibitory phenomena are, however, different.
The phenomenon of initial inhibition refers to inhibition of any activity in the esophagus that may be occurring at the time of vagal stimulation. The degree of initial inhibition increases with increasing frequency of stimulation. Therefore, this phenomenon is best demonstrated when two short train stimuli of high frequency are applied closely together. The genesis of initial inhibition is not well defined, however, it may be related to hyperpolarization of smooth muscle membrane that precedes its depolarization and spike burst (3).
The phenomenon of refractoriness refers to inhibition of any evoked contraction that may tend to occur during and soon after the ongoing esophageal response to a previous stimulus. This phenomenon can be demonstrated only at low frequencies of stimulation when the initial inhibition is not marked. Experimentally it is shown when the response to a preceding stimulus is normal but the response to a following stimulus is Values are mean±SE. Each individual stimulus was of 1-s train, 2.5 mA, 1-ms pulse duration, and 50 Hz.
Significantly different from RI (P < 0.01).
I Significantly different from the response at lower ISI (P < 0.01). § Values in column R. are significantly different from those in column R2 (P < 0.01; determined by chi2 test). At short ISI when only one response was observed it was designated as RI or R2 based upon the similarity of its temporal relationship to the first or the second stimulus (Fig. 3B) . According to this formulation, therefore, the esophageal quiescence after the A-and before the B-contraction represent active inhibition and/or refractoriness of the esophagus. These findings may be of considerable physiological importance. For example, it is not known whether Aor B-contraction represents the physiological swallowinduced peristalsis. The B-contractions are associated with more prominent initial inhibition than the A-contractions. Observations in the literature suggest that swallows like B-contractions are associated with prominent initial inhibition (7). Myers et al. (7) have shown in humans that when two swallows are made 5 s apart, the second swallow inhibits the response to this first swallow. Moreover, during repetitive swallowing at short intervals (2 s), the esophagus remains quiescent until the last of the swallows that is followed by esophageal contraction (8) . Repetitive swallows at 5-s or longer interval produce an alternate inhibited contraction or more complex pattern of inhibited responses (7). These observations support the view that B-rather than A-contractions represent normal swallowing (2) (3) (4) . These studies, moreover, support the notion that interpretation of clinical motility records in which the patient is swallowing at close intervals should take into account these inhibitory phenomena.
It is known that swallowing is associated with descending or deglutitive inhibition. This phenomenon involves both skeletal and smooth muscle segments of the esophagus. In the skeletal muscle, deglutitive inhibition is most likely due to inhibition of vagal motor neurons in the central nervous system (1, 3, 11 
